Our knowledge about renal function in the first two days of human life is meagre. Most of it is due to Thomson (1944 Thomson ( , 1947 Thomson ( , 1949 , Smith, Yudkin, Young, Minkowski and Cushman (1949) and Hansen and Smith (1953) . Dean and McCance (1947) measured the inulin, diodone and creatinine clearances of four children aged 2 days, and other investigators have included one or two children under 3 days old in a series which they were studying for one or more aspects of renal function (Dean and McCance, 1948;  Rubin, Bruck and Rapoport, 1949; Vesterdal and Tudvad, 1949) but, except in the case of Ames' (1953) work on the excretion of water, there have never been enough of these children to make much of the findings, and our ideas about the function of the baby's kidney are almost entirely based upon studies which have been made on older age groups (Bamett, 1940; McCance and Young, 1941;  Gordon, Harrison and McNamara, 1942; Barnett, Hare, McNamara and Hare, 1948; Dean and McCance, 1949; McCrory, Forman, McNamara and Barnett, 1952) . Thomson (1944) gave average figures and the individual scatter for the volumes of the urines of newborn infants, their specific gravities and pH, the concentration of chloride (Cl) and urea, and later (1949) added his findings for the urea clearances. He also (1947) studied two children with 'dehydration fever'. He made no comparisons with adults.
In studying renal function, particularly clearances, it is usual to give enough fluid either by mouth or vein to promote a large diuresis. This facilitates the collection of specimens, but it would be an unphysiological thing to do to a baby less than 48 hours old who at that time normally passes through a period of undernutrition and dehydration. It would have destroyed one of the main objects of this investigation, moreover, which was to try to piece together some of the events which normally take place during those two days. The babies were investigated, therefore, under standardized but almost normal conditions and compared with adults who had been subjected to what we know is a similar degree of starvation and hydropenia.
Subjects and Methods Eighteen full-term baby boys and six healthy young men have been investigated. Twelve of the babies were born per vias naturales, all without the aid of forceps; five of these babies were first children, and seven of them second or later children. The other six babies were delivered by caesarian section. Permission to make these investigations was obtairnd from the mother before birth, and soon after birth the baby was fitted with an apparatus for collecting the urine quantitatively, and nursed in the usual way, except that he was not put to the breast and was given in all about 25 ml. of water, spread out over the two days at what seemed the most appropriate moments. Cord blood was obtained, the serum separated, analysed for creatinine, urea, sodium, chloride, potassium and phosphates, and its total osmolar concentration determined by freezing point. Small samples of blood were taken from the heel at the end of 24 and 48 hours and the concentration of urea determined in the serum. Sometimes enough blood was withdrawn at the forty-eighth hour by vein puncture for the more extensive assays usually carried out on cord blood. Urine was collected as it was passed spontaneously and the samples were analysed separately. Very small samples were occasionally pooled. Since babies may be assumed to empty their bladders at birth any 'carry over' of foetal urine may be neglected, but some of the urine formed in the first 24 hours may not have been passed till the second 24 hours. The infants, however, usually emptied their bladders when the samples of blood were taken. If this did not happen at the end of 24 hours, the analytical results obtained on the next specimen of urine were partitioned between the first 24 hours and the second 24 hours, according to the time over which the urine had been collecting in the bladder. If the baby did not empty the bladder at the end of 48 hours no change in the treatment was made till he voided spontaneously, or a voiding just before the end of the 48 hours was held to terminate the urine collections, and calculations were made to correct the volume in, say, the fortieth to the forty-sixth hour, to the fortieth to the forty-eighth hour.
Six healthy young men, all sailors, were also studied. During the experiment they lived in a small room with an almost constant, comfortably warm temperature. They had nothing to eat, and only 350 ml. of water a day to drink for a period of three days. Samples of blood were taken without anticoagulant before the experiment began, and at the end of each 24 hours during the test, and the serum was separated. All urines were collected under toluol in 24-hour periods.
Total nitrogen in all the urines was determined by the ordinary micro-Kjeldahl technique and the other physical and chemical methods were the same as those used by McCance and Widdowson (1953) . The body water of the infants and adults was calculated as described by McCance and Widdowson (1952) .
Results Table 1 gives the average urine volumes per litre of body water and the average osmolar concentrations of the urines passed by the infants during the first and second 24 hours of their lives and by the young men during the second and third days of their dehydration experiment. The figures for the adults on the first day of deprivation have not been given since the volumes were about twice as large and the osmolar concentrations correspondingly less than they were on the second and third days so that they clearly belonged to a transitional period between a state of full nutrition and hydration and one of established starvation and hydropenia. Ladell (1947) has described similar findings. These signs open to argument whether they had not reached by the second 24 hours a state of starvation and hydropenia similar in severity to that reached by the adults on the third day. At any rate their average weight loss in two days was 9 3°O of their original body weight compared with a loss of 6 10O in three days for the adults. The volumes of urine passed by the adults per litre of body water were slightly greater than those passed by the babies, but the osmolar concentrations were three times as high (Day 1, t=15 8 p=<0-001, Day 2, t=17-5 p=<0001).
In making these and other calculations of a similar nature the adult figure used for comparison was the average of days 2 and 3. The U/P ratios for the osmolar concentrations averaged no more than 1-25 and 1 -53 for the first and second days of life, while they were 3-96 and 4-12 for the second and third days of the adults' hydropenia. These low U/P ratios for infants as compared with those for adults should be contrasted with the findings for hydrated and overhydrated babies only six to 18 days older (McCance, Naylor and Widdowson, 1954) . Table 2 shows the composition of the urines of the infants compared as in Table 1 with those of the adults subjected to similar degrees of starvation and hydropenia. The figures for urea, sodium, chloride and potassium have been given by expressing the molar concentration of each as a percentage of the total osmolar concentration determined by freezing Table 2 shows that the contributions of the solutes were relatively alike. Urea contributed less to the total in the infants but sodium and chloride similar amounts. The sudden reduction of the quota due to these two ions immediately after birth has been described by McCance and Widdowson (1953) . A significantly higher proportion of the total osmolar concentration was due to potassium in the infants' urines than in those of the adults (Day 1, t=6-5 p=<0-001; Day 2, t=6-7 p= <0-001); the fraction which was undetermined was about the same at the two ages. In the infants' urines the proportion due to urea rose slightly on the second day of life (t=2-87, p=0-01-0 001) whereas the proportion due to potassium fell (t=2-23, p=0-05-0 02).
It follows from the figures given in Table 1 that the amount of osmotically active material excreted by the infants per litre of body fluid per day was less than the amount excreted by the adults. The average figure was 5-6 milhiosmols per litre of body water per day for the infants as against 19 -9 for the adults. There was, however, a further difference between the two age groups in that the milliosmols excreted by the individual adults ranged only from 15 -3 to 23 -6 (S.D. 2-62) whereas the values for the babies ranged from 2-35 to 9-7 (S.D. 2-24). These individual differences among the infants were far outside any that could have arisen from incomplete coLections. Among the adults the ml. of urine/ milliosmol varied from 0-74 to 1-07 with a mean of 0-84 and a S.D. of 0-117. The average for the infants was 2-52 (S.D. 0-484) and the extreme values 1 -87 and 3-96. If an adult is short of water it is generally agreed that the volume of the urine depends upon the quantity of osmotically active material claiming excretion per unit of time (Ambard and Papin, 1909; Gamble, 1944; McCance, 1945; Rapoport, Brodsky, West and Mackler, 1949) . the babies also increased with the output of osmotically active material, Fig. 2 that there was a similar relationship between the volume of the urine and the total nitrogen excreted per day, and Fig. 3 that the urea clearances also rose as the minute volume increased. It might be surmised from the information already given that the urea and other clearances would be much lower just after birth than among adults who had been correspondingly dehydrated, and that the babies would differ more among themselves. Table 3 shows that this was so. Thomson (1949) found urea clearances of the order of 8 ml./min. Widdowson, 1952) . There is little doubt that the glomerular filtration rates were correspondingly low for, although inulin was never given in order to determine them, the endogenous creatinine clearances were measured in six infants and found to bear the normal and expected relationship to the urea clearances. Averages (ml./42 litres body water/ min.) gave for Day 1, creatinine 20-8; urea 8 8, and for day 2, creatinine 25 -5; urea 13 -9. Table 4 shows the total nitrogen, the potassium and the nitrogen: potassium ratios found in the urine of the infants on the first and second days of life and of the adults on the second and third days of dehydration. The infants excreted nearly as much K per kg. of body weight as the adults but only one-third as much N, and consequently their N/K ratios were correspondingly lower than those of the adults. Both differences were highly significant (N excreted on Day 1, t=16-7 p=<0-00; Day 2, t=5-65 p=<0-001. N/K ratio, Day 1, t=11-9 p=<0-O0l; Day 2, t=6-28 p=<0-001). There can be no reasonable doubt about the correctness of these ratios; they agree very well with those given by Smith et al. (1949) and by Hansen and Smith (1953) and, as their charts show in two individual babies, the ratios were higher, like the present ones, on the second day than on the first. The difference between the ratios on the first and second days in the present series was a significant one (t=3-45, p=0-001).
The phosphate excretions and clearances require separate treatment. The inorganic phosphate in cord blood was higher than in the maternal blood and even when infants were given no food there would appear to have been a small rise in the serum P during the first 48 hours of their lives. The increase in eight infants was from an average of 6-0 to one of 8-0 mg./100 ml. The concentration of P in the urines and the amounts excreted per unit of time averaged very much less in the two days after birth than they did in adult life but this statement requires considerable amplification. Before a normal birth the urine may be regarded as containing almost no phosphate (McCance and Widdowson, 1953) and in many babies the amount was found to remain very small for the first 48 hours. In others the excretion of P began to increase soon after birth and was quite considerable by the end of the second day (Fig. 4) . These changes in the concentration of P in the urine and in its rate of excretion may have been mediated by the rise in thẽ Table 4 are to be regarded purely from the renal point of view, there are then three questions to be asked and answered. First, Why are the ratios relatively constant in spite of great fluctuations in the total amounts of N and of K excreted from one baby to another and in the same baby from time to time? This is really one aspect of the problem of why the urine should have such a fixed composition and why the excretion of the total milhiosmols, nitrogen and urea should be so closely linked with the excretion of water (Table 2 and Figs. 1, 2 and 3) . A single mechanism is likely to be responsible for the variations and the only probable one is glomerular filtration (and see above), with which the excretion of both the total N and the K are linked. Second, Why do the ratios rise appreciably on the second day? This is presumably due to the small rise in serum urea and non-protein nitrogen which took place during the first 48 hours of life and led to more nitrogen being excreted with each millilitre of glomerular filtrate. Evidence derived from the study of a few babies suggests that during this time the serum K tended to fall, not to rise. Third, Why are the ratios so much lower than those of adults? Table 5 gives the potassium: urea clearance ratios in the first urine passed after McCance and Widdowson (1953) , and there seems no need at the moment to withdraw the suggestion made in that paper that the increase in excretion of P after birth was due to an increase of parathyroid activity at that time. It must be admitted, however, that the rise in serum P during the first 48 hours of life may be somewhat against this explanation. The present results on P excretion indicate that if the suggestion was correct the development of these glands took place at a different rate in each baby and that it did not depend, at all events entirely, on the introduction with the food of large amounts of phosphates into the system. birth and during the first 24 hours of the infants' lives, and also in the urine of the adults during the second day of dehydration. Urea is not one of the substances which can be used for measuring the glomerular filtration rate, and it forms a somewhat smaller percentage of the total N in the urine of infants than it does in the urine of adults (Barlow and McCance, 1948) . Nevertheless, the urea clearance probably bears much the same relationship to the glomerular filtration rate in the hydropenic infants after birth and in the adults (see above for the urea/ creatinine clearance ratios and Table 5 of McCance and Widdowson, 1953) . The potassium : urea
In the first two days of life, on a lim-lited intake of water and no food, infants (1) excreted volumes of urine which averaged 13 8 ml./l. of body water/day as compared with average volumes excreted by hydropenic and starving adults of 16 7 mnl./l. of body water per day; (2) passed urines with an average osmolar concentration of 420 milliosmols/l. as against 1,224 for urines passed by healthy adults; (3) made up the osmolar concentration of their urines in a similar way to adults except that the fraction due to potassium was higher; (4) had a ratio of nitrogen (in mg.)/ potassium (in mg.) in the urine which averaged 3-4 (healthy adults similarly dehydrated and starved had a ratio of 8 5); (5) showed a close relation among themselves between the osmotically active material or 493 group.bmj.com on April 19, 2017 -Published by http://adc.bmj.com/ Downloaded from the total nitrogen excreted and the volume of the urine; (6) had low urea clearances and glomerular filtration rates. The former averaged 9 1 and 14 6 ml./42 litres ofbodywater/min. on the first and second days whereas those of healthy young adults averaged 37-2 ml./min.; (7) excreted very little phosphate just after birth relative to adults and showed a tendency to increase the rate of excretion by the end of the second day.
